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PH ENIX Outline of the talk -

* Why particles containing strange quarks are important ?

°* PHENIX Detector Overview

* Measurements of particles containing strange quarks K*/K’, K, @, K*

and A°.
These particles combined together cover a large p_range

* Recent measurements on production and nuclear modification factor
(RAA) of these particles in all systems at 200 GeV

- d+Au

- Au+Au

- Cu+Cu

°* Summary and outlook



PH--ENIX Why measure strange hadrons ~

* To study the properties of matter produced in heavy ion collisions we
study the mass and flavour dependence of the nuclear modification
factor of light hadrons containing u and d quarks and s quarks.

» In high p_regions, the particles are observed to be suppressed due to

jet quenching. Do strange hadrons have same suppression as light
hadrons ?

* In intermediate p_, the R, of hadrons has dependence on number of

quarks and flavour composition of the hadron which can come from
effects like quark coalescence. What is the dependence on strange
quark content?
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PHENIX Detector - E_
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GLOBAL DETECTORS
Beam-Beam Counter (BBC)
3.0<|n|<3.9, Ad=2n
Zero Degree Calorimeter (ZDC)
In| =+2, Ad=2n

CENTRAL DECTECTORS

( Tracking and PID)

Drift Chamber (DC) |n|<0.35, A$p=90°x 2
Pad Chambers (PC) |n|<0.35, A$=90°x 2
Electro Magnetic Calorimeter (EMCAL)
Ring Imaging CHerenkov (RICH)

Time of Flight (TOF) |n|<0.35, A$p=45°

FORWARD SPECTROMETERS

(Muon detection)
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PH--ENIX charged Kaon measurement with TOF - E.

The p_range of
measurement with TOF:

/- 0.3-3.0 GeV/c

E d*sidp® [mb GeV*c?]
e

1071
K- 0.4-2.0GeV/c .
p 0.5-4.5 GeV/c "
10*
10t
For high pT,; -

p+pys = 200 GeV
. 1‘]* L1 11 | L1 11 | L1 11 | L1 1 I| L1l 1| | L1 11 | L1 11 | L1 11 | L1 11 | L1 11
photonic decays of T¢ and 0 05 1 15 2 25 3 35 4 45 &

pT[GeW::]
K, are measured in EMCAL
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PH ~ENIX K* Meson in pp collisions at 200 GeV ~
K* > K'+Tt
K* Analysis Technique:
1g A RRRRARARAN RN LAREE
Runs pp Vs = 200 GeV 3 One leg PID:
10°F G KoK K in TOF, it PC3 track.
S102E M Two leg PID:
g3 4 KinDC-zinPC3 Both K and rtin TOF.
M _3‘_ ¥ Kin TOF - ©in TOF _—
;10 g Tsallis function g No PID:
Bl M - Both K and it PC3 tracks.
- 107 E . .
& F Kaon in Drift Chamber and
I8 100 - rt PC3 track.
N _f
1w = PHESENIX Preliminary The spectra is measured in the
e T range p,= 0.9 - 7.5 GeV/c.

—
o
5
o

1 2 3 4 5 6 7
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PH-“ENIX K. and @meson in pp collisions at 200 GeV -

K. 21’ p_range2-13.5GeV

¢ > KK
T ->2Y measuredin EMCAL

The @spectra is measured

-l.'"'".l_‘ 1ﬂ L | 1T 1 | I T 1 | 1T 1 | LI | 1T 1 | LI 1_§
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L D HpNS-200GeY ; in the range p,=1.0-8.0
3 : mKS: eEe?F{S?} ? G V /
2 A @ — T (%2) e C.
10 £ Y @y (2) =
S o de P -
o g
- = m p— K'K =
= = =
o = * The Tsallis distribution
_ . describes all mesons in p+p
sl - collisions which is a power
law in high p_region.
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P (GeVic)  Phys.Rev.D 83, 052005 (2011)
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PH-~ENIX N\ measurement - H.
N->p+m-
One leg PID:

Proton identified in TOF-W and pions are PC3 tracks from the
the west arm.

No PID:
Both the particles are PC3 tracks from same arm.

p, range 2 - 6.5 GeV



N
PH <ENIX

d+Au at 200 GeV
Cold matter effects
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PH- “ENIX R,, of K, ¢ and K* with other hadrons l@
in d+Au at 200 GeV
ol Loh mo ek, R
2 K.and R,
T |Ii -I Miﬁ _ §$$*+ ; * Consistent with unity.
0-20%

" PHENIX Preliminary
d+Aus = 200 GeV

21— 1y1<0.35 +
& ﬁ#**w % ----- :

60-88%

f | ﬂgﬂﬁiﬁﬁ i$ _ﬂv _____ -

0-88%

2 4 6 8 10 12 14 __16
pT(GeVIc]

* Consistent with other light
mesons in intermediate and low

Pr

* proton enhancement in
intermediate p_
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PH “ENIX R, of K* in dAu collisions at 200 GeV - E.
n:%: e N . The lifetime of K* =4 fm/c is of the

o - order of size of the system. In
- - heavy ion collision; re-scattering
e N and regeneration.
:: PHEIleplre"mmIary — :: The RAA of K* for 4
- d+AuNs = 200 GeV ] I.t. .
1_ A A% SURR. S| I D_f * Samein all
: i 60-88% centralities.
: _ * Consistent with unity
i ] accept at low p_.
: it
B 0-88% -
O"==2 "2 "% & 10 12 14 _16 11

pT(GeWc)
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Nuclear modification in heavy
ion collisions
Au+Au at 200 GeV
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PH ~ENIX R,, of charged kaons in Au+Au -

Charged Kaon RAA FYE T o en AuvAI .. = 200 GeV
Kaons are less suppressed to-® KoK o centra
in comparison to m in 145 |
e e — I "y A
limited low p.range 125 01 A % % |
_ Ly 4
measured. ] _-;5?197-1 ------------------- l R
08 il P
U P *
05F- [jmmm@!ﬂ Tt
N BT A 100008
04 - _FEGGZ'H' GEDEE
AE GDD--A-E & cﬁgﬁﬂirﬁ
ﬂ.E:_ & gs W o dh dh
- | | a | [ | | | |

Phys.Rev.C83.,064903(2011) 13
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PH--ENIX Identified charged particles in Au+Au at =
200 GeV
Au+Au\s,, =200 GeV
2
E O pPHENIX Preliminary B p+p PRC.69.034909 ~— R Wlth TOF_W
1.8 0 SpHENX Preliminary & v PRC.62.034909 PH}(EN'X cp
1.6 :_ /A n* PHENIX Preliminary #® 1° PRL.101.232301 :
» 4:_ 4w PHENIX Preliminary ° Extended pT range up tO
Ej_}. 125_ 5 GeV/c.
% 15_ * Closed symbols old
< I measurements.
S 0.8
o L * Open symbols new
% 06 measurements.
0.4 * It will be possible to
0.2 ¢ extend charged kaons R,
oo_l | | | l|| | | | | 2| | | | | 3' | | | | 4|. | | | | 5| | | | | 6 to intermediate pT.
P, (GeVic)
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PH-<ENIX R, of strange baryon in AuAu at 200 GeV ) E.
.. p, range 2 - 6.5 GeV
st PH.ZENIX * ARun7
s preliminary » p+B Run? prelim * AR_, consistent with
~ 1.4 prOton
3 4F * The enhancemen
¢ = v . ee .ace fetat
S osf I T W%‘H * intermediate p_is
= o6f & ® ; + related to number of
0.4f- * quarks content.
0.2f
of
p, (GeVic)
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PH- - ENIX Spectraof K_in Au+Au at 200 GeV
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Extending Kaon measurements in high p_range
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PH <ENIX

KS RAA

* Extending KaonR,,

in high pT range

R,. of K, in Au+Au at 200 GeV

* At high p_ K, suppression is consistent with pions and with ¢.
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PH “ENIX R,, of ¢ in Au+Au system at 200 GeV E@

R A e
B o K'+K Aushu0-5% . .

O g i AR * At low and intermediate p.,
i E*E*;?l*;;"“; LT 1 suppression of ¢ is different

'3'-;'_‘ il i f:_t_ M gt from pion and eta.

Sl PHENIX o aiau1020% |

o 2_ ".,Iléujr:E:E':'E Gel . ]L:J]:':I :u+iu 1358% i ° At high pT’

1.5 o - . . .
N - suppression is consistent
= * AR B +_++ """""""""""""""" } with pion and eta within

0-9r - _+_ . A - error bars.
ﬂ_ ) . ) . ) . . | . . ) . ) . ]

35 PHENIX | e 0, AutAu60-92%

o WSy = 200 GaV . T u+Au 2 °

o] - T R e e | Kaon follqws the same
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1t :_+____..*}++{++

T 1 Phys.Rev.C 83, 024909 (2011)
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Cu+Cu at 200
GeV
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K.R,, in Cu+Cu:
K, suppression in CuCu similar to

suppression in Au+Au as a function of
npart.

o 1.6
> 1 PHENIX preliminary
] 1.4l Ky—>n°n9, |y]<0.35
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P I
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PH>“ENIX R, of ¢ in Cu+Cu system at 200 GeV Dﬂ

< | PHENIX Au+Au3040% ¢ O
[ o8y = 200 GeV Ny=1142 & T
[ Sl Cu+Cu 0-10% o ¢D' .. i
150 2 Nm=082 o T * Suppression is same in Cu+Cu
_qu;@'b 4 4 ] . . . .
' 4 as in Au+Au collisions with
AATEL T R |
T 14 ! * ] equivalent number of
05- *"PiEpEigegpE ElEF participants.
<TPHENIX  AurAudos0% « 0y
0 9} \5 = 200 GeV Ny>=744 * T
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G # # g 1 '
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0.5r

............ | Phys.Rev.C 83, 024909 (2011)
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PH - ENIX K* meson in CuCu collisions at 200 GeV ~

102IIIIIIII|IIII|IIII|JIIIIIIIIIlIIII|IIII
CuCu at\ s, = 200 GeV

10 .
The spectra is measured
5 1 in the range p,=1.4-7.0
S 107 - GeV/c.
((b] - ] . .
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> s §
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107 4 20-40% centrality E
- A 40 -60% centrality x 0.5 >
107 © 60-88% centrality x 0.3 -
= — Modified Hagedorn function E
10'8_I 111 | L 111 | L 111 l L1 11 I L 111 I | l L 111 I 111 I_
0 1 2 3 4 5 6 7 8

P, [GeV/c]
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PH ~ENIX
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R, of K* in CuCu collisions at 200 GeV
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s 5 = 000GV
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PHENIX
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__ H g _-
- PH ENIX .
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3 i
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N

The R, for CuCu for 4
centralities:

* Central collisions

show suppression at
higher p._.

* Peripheral collisions
Consistent with unity.

23



PH--ENIX R,, of K* and ¢ in CuCu collisions at 200 o
GeV

LR B R B S BN I I AL IR B I UL ML LR B
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PH “ENIX Summary -

* Measurements in dAu at 200 GeV: K, ¢, K *
* RdA consistent with unity and consistent with light mesons in intermediate and high p_range

up to 8 GeV/c.
* RdA for K* is smaller then unity in low p_range < 2 GeV.

e Measurements in AuAu at 200 GeV: K+/K-, K., ¢, and A\
 High p_, ¢ and KS suppression consistent with light mesons.
* Intermediate p_, ¢ less suppressed as compared to light mesons.
* RCP for A'in intermediate p_ consistent with proton.

e Measurements in CuCu at 200 GeV: K., ¢$, and K*

* Same suppression in Cu+Cu as compared to Au+Au.
* K* suppression consistent with ¢.

In heavy ion collisions:
* At high p_(>5 GeV), the particles containing strange quarks are suppressed like rt/n.

* Atintermediate p_(2-5 GeV), ¢ and K* suppression same but smaller than rt/n.
« Atlow p_(< 2 GeV) charged kaons have lower suppression as compared to pions. 25
* A consistent with proton.
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BACK UP
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Particle ID in PHENIX

Time of Flight Detector:
The PID is done by putting

appropiate cuts in m? and

momentum space.

Mom range for particle ID:
N 0.3-3.0 GeV/c
P 0.4-2.0 GeV/c
K 0.5--4.5GeV/c

i

TOF east

Charge =« Momentum [GeVi/c]

-
o
L

L

.||||H| | llli
N
[
=

-
o
=]

i . +
B T . T o
'-I b . - . o __:
= 3 . r_' .
- . v I'|' LI
£ - & . ;
- e S fa®
-, ' —n . T J BTG
!- ..r .--#-I " f“"’ ‘H"..\
T N T A A A I I A A A A A A A A

-0.2 0 0.2 04 086 058 1 1.2 14
Mass Squared [{GEVI’CE}E]

27



= ¥ 3 :
PH ENIX K* invariant mass plots J
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(GeV/c)?
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K* Meson in dAu collisions at 200 GeV - E.

2 .
10 K% K++n',F—} K+n' (Kn"'?ﬁ)fz
10 e MinBias
" 0-20% x 10° .
10‘1 e 20d0n 10 The spectra is measured
ey ' :gggiqgl in the range p.=1.2-7.5
-88% X 10
10° — Tsallis function GeV/ C.
10" L™ Well described by Tasllis
10’2 | distribution.
10
107 ‘

10°
10° Run8 d+Au\/s,, = 200 GeV
10-10 Rapidity Range |y| < 0.35

10-11 = 1 11 | L1 11 | L1 11 | L1 11 | 1111 | L1 11 | L1 11 | L1 11 | L1 11
1T 2 3 4 5 6 T 8 9
P, (GeV/c)
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102 %I 17T T T | T T | T T l T T | T T l T T T1 I T I?
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107 C 60-88% centrality x 0.3
= — Modified Hagedorn function
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° 11 %
K* Meson in CuCu collisions at 200 GeV N E.
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The spectra is measured
in the range p,=1.4-7.0

GeV/c.
Well described by
Modified Hagedorn

distribution.
3 N
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dp*  lexp(—apr — bp%) + K7

Po

30



Rd.ﬁ.u

RAA of K* in dAu collisions at 200 GeV D:%

B LI I 1 1 I LI I LI 1 I 1 LI LI . I 1 LI I LI

- K+ K 2
Rung d+Au Minbias * KYpPHENIX

By, =200 GeV ¥ KYSTAR

. K™ STAR

yf < 0.35

- PHENIX Preliminary

Py (GeVic)

Minimum bias collisions:
The RAA is measured in the
range p,=1.2-7.5 GeV/c.

Except low at p_itis
consistent with unity.
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RAA of K* and ¢ |nGCe|<lCu collisions at 200 - E.

I:tl.'.'ul."..u

R LI I B I I I
Cu+Cu 'y gy = 200 GeV
® K Minimum - Bias data

s ¢ Minimum-Bias clata Minimum bias collisions:

pin! K* and ¢ similar except at
Mol O low pT
= H-'ﬂ :""i
S i H H E
- PHENIX
_ preliminary
L I I RS EEEEE EREEE | I
7 1 2 3 N tevg ° @
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PH-“ENIX RAA of K* in CuCu collisions at 200 GeV ~

E.ﬁ TT T T[T TT1

- CusCu\spy=200GeV 2
2 o k0 pinimum - Biasdata 1 Minimum bias collisions:
- 1 TheR,, is measured in the
z M 7 rangep,=1.4-7.0GeV/c.
o 1; Hﬂ H -Z Suppression at high pT.

65 PHENIX H H ~

B preliminary ]
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M
3 4 -] 7 8
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PH>“ENIX R,, of ¢ in d+Au system at 200 GeV ~

5| d+Au 020% f . 0
5 = 200 GeV =T ] : : : :
1 S € | L P * ¢ R,, is consistent with unity
++++ in dAu collisions.
- + |
| ¥ — ?:ﬂ"__'_+_..._*__l_*___l__f__!____-.+_J_+..--_.-.-...---‘.- ] . . .
o * Consistent with pions.
PHENIX
& d;_,q'u 60-88% .0, | * The proton and ¢ are
\[Sy = 200 GeV ! D5 different; the proton
r 7 enhancement is not due to
i + ' d be related t
o E T e ale |  Massand may be related to
e b ¥ '"'{ """""" i i number of quarks.

PHENIX |

L pT{tge‘w::] Phys.Rev.C 83, 024909 (2011)
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